Mesophyll protoplasts isolated from plants of wheat, oat, maize (a local lesion host) and Japanese radish (normally a non-host) were efficiently infected with brome mosaic virus (BMV) without using poly-L-ornithine, and the optimum conditions for infection were very similar to those found using barley protoplasts. These results suggest that the host ranges of viruses can be extended by using protoplasts and that the conditions optimal for infection of protoplasts with BMV are determined mainly by the virus.
Barley mesophyll protoplasts are efficiently infected with brome mosaic virus (BMV) after making several improvements in the inoculation conditions (Okuno & Furusawa, I978 a, b) . The infection of barley protoplasts with BMV seems to be mainly controlled by the strength of the positive charge of virus particles or virus-poly-L-ornithine (PLO) complexes in inocula (Okuno & Furusawa, I978a) . This could be true for the other protoplast-virus systems so far described, including the cowpea protoplast-virus system in which infection is stimulated by PLO, although PLO is not essential for infection (Motoyoshi & Hull, I974; Hibi et al. 1975; Takebe, i975) . We reported previously that mesophyll protoplasts of maize, oat and wheat, as well as of barley, can be easily isolated and infected with BMV (Okuno & Furusawa, ~977) . In the present study, mesophyll protoplasts isolated from these plants and from plants of a non-host were inoculated with BMV and the conditions needed for infection were compared.
Propagation and purification of BMV (ATCC 66) were as described previously (Okuno & Furusawa, x978a) . Barley (Hordeum vulgare L. cv. Moore), maize (Zea mays L. cv. Golden), oat (Arena sativa L. cv. Victoria) and wheat (Triticum aestivum L. cv. Norin I6) were grown and protoplasts prepared from them as described previously (Okuno & Furusawa, I977) . Japanese radish (Raphanus sativus L. cv. Wasemino) seeds were sown in soil in pots. After 5 to 7 weeks, leaves 2o to 25 cm long were used as a source of protoplasts. The lower epidermis was peeled off with forceps and the leaf pieces were placed on 0"5 Mmannitol solution, peeled side down, in Petri dishes (Io cm diam.). The solution in each dish was then replaced with ~5 ml of 0"5 M-mannitol containing 0"05% Macerozyme and 1% cellulase, pH 5"6. The dishes were kept at 25 °C for 3 h with frequent gentle swirling. The released protoplasts were washed three times with 0"5 M-mannitol. Protoplasts were inoculated with BMV without PLO, as described by Okuno & Furusawa 0978a, b) . Mannitol concentration of the medium was increased from 0"5 to 0"7 M immediately before inoculation.
When the first leaves of barley, oat and wheat were inoculated with purified BMV (t mg/ml), the mosaic symptom appeared on the second and third leaves 4 to 5 days after inoculation. Maize is known to be either a local lesion host or a non-host of BMV (see Lane, i974) . In our experimental conditions, however, not only were local lesions produced in the inoculated leaves but also virus was detected in uninoculated tip leaves by local lesion assay in Chenopodiurn hybridum. In contrast, no BMV was detected in leaves of * Protoplasts were inoculated with 2o#g/ml BMV in o.I rn~-citrate buffer, pH 5"0. Infection was determined by fluorescent antibody staining 44 h after inoculation (Okuno et al. 1977) .
All protoplasts died during incubation. Japanese radish inoculated using Carborundum, either by local lesion assay in C. hybridum or by fluorescent antibody staining of mesophyll protoplasts isolated from the inoculated leaves. Nor was virus infection detected after inoculating radish leaves from which the epidermis had been removed. In all the protoplast-BMV systems, infection occurred using o.I mM-citrate buffer at pH 5"0 without PLO. Infection efficiency increased slightly using 0"2 #g/ml PLO, but tended to decrease above o.2 #g/ml and I #g/ml PLO often damaged protoplasts, especially at low pH and low ionic strength (Table 0. To remove complicating factors and to preserve protoplasts as well as possible, PLO was omitted from the inoculation medium in the following experiments. Infection increased greatly with increasing concentration of BMV from I to 2o/~g/ml in all five types of protoplasts (Table 2) ; therefore, BMV at 2o/zg/ml was used for inoculum throughout this study. Infection increased with decreasing pH from 6"9 to 4"5 and this trend was the same for protoplasts of the different species. At pH 6.6, only Japanese radish protoplasts were infected but even these were not infected at pH 7.2. Ionic strength of the inoculation medium had a great influence on infection, which increased with decreasing concentration of citrate buffer from 5o mM to o" r mM in all the protoplast systems. Therefore, o.I raM-buffer was taken as the optimum concentration for infection. Infection of oat and maize protoplasts was inhibited to a greater extent by increasing the concentration of buffer above I mM than was that of barley protoplasts. Citrate buffer at IO mM completely inhibited infection of maize and oat protoplasts but 4o % of barley protoplasts were infected. Japanese radish protoplasts were damaged by citrate buffer at i mM or more and all the protoplasts died within 2 days after inoculation.
To investigate the effect of neutral salts on infection, protoplasts were inoculated in the presence of MgCI~ or CaC12 at different concentrations. Infection was inhibited by increasing the concentration of these salts. At IO raM, infection of wheat and barley protoplasts was completely inhibited and only a few maize and Japanese radish protoplasts were infected.
In general, when different viruses are used as inocula for protoplasts isolated from the same kind of plant, the conditions optimal for infection are different (Takebe & Otsuki, I969; Otsuki & Takebe, 1973; Motoyoshi & Hull, 1974; Motoyoshi et al. I974; Kubo et al. 1975; Motoyoshi et al. I975) . As demonstrated in this paper, when the same virus was used as an inoculum for inoculating prot~plasts isolated from five different species, the conditions optimal for infection were similar. For example, in all five systems, infection efficiency increased with decreasing pH and ionic strength at low pH, and protoplasts were infected efficiently without PLO. This may support our previous suggestion that infection is mainly controlled by a property of the virus, the strength of the positive charge on virus particles, and hence the electrostatic affinity of virus particles and protoplast plasmalemma. Neither epidermis nor mesophyll cells of Japanese radish plants were infected with BMV by mechanical inoculation, whereas isolated mesophyll protoplasts became infected. This suggests that some mechanism(s) that inhibits infection and/or multiplication of virus functions at the tissue level but does not operate in isolated protoplasts. By isolating protoplasts from plants it apparently became possible to extend the host range of the virus. However, the possibility was not ruled out that BMV multiplies in the radish cells it enters at mechanical inoculation, but cannot move from cell to cell, so that virus multiplication was not detected by infectivity assay or fluorescent antibody staining.
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